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Analytical solutionsAbstract In present article, we have studied the blood ﬂow through tapered artery with stenosis.
The non-Newtonian nature of blood in small arteries is analyzed mathematically by considering the
blood as Carreau ﬂuid. Carreau ﬂuid is a type of generalized Newtonian ﬂuid. At low shear rate
Carreau ﬂuids behaves as a Newtonian ﬂuid n ¼ 1 and at high shear rate as power law ﬂuid. For
n < 1 Carreau ﬂuid gives pseudoplastic(non-Newtonian), or shear-thinning ﬂuids have a lower
apparent viscosity at higher shear rates and for n > 1 Carreau ﬂuid behaves as Dilatant(non-
Newtonian), or shear-thickening ﬂuids increase in apparent viscosity at higher shear rates. All three
cases are appropriate for blood ﬂow in arteries because the assumption of Newtonian behavior of
blood is acceptable for high shear rate ﬂow, i.e. the case of ﬂow through larger arteries. It is not,
however, valid when the shear rate is low as is the ﬂow in smaller arteries and in the downstream
of the stenosis. It has been pointed out that in some diseased conditions, blood exhibits remarkable
non-Newtonian properties. The representation for the blood ﬂow is through an axially non-sym-
metrical but radially symmetric stenosis. Symmetry of the distribution of the wall shear stress
and resistive impedance and their growth with the developing stenosis is another important feature
of our analysis. Analytical solutions has been evaluated for velocity, resistance impedance, wall
shear stress and shear stress at the stenosis throat. The graphical results of different types of tapered
arteries (i.e converging tapering, diverging tapering, non-tapered artery) have been examined for
different parameters of interest.
 2014 Production and hosting by Elsevier B.V. on behalf of Ain Shams University.1. Introduction
Recently blood ﬂow through tapered arteries with stenosis
have attracted the attention of researchers. Because ﬂow
through arteries pose grave health risks and are a major cause
of mortality and morbidity in the industrialized world. Nar-
rowing of an artery, or stenosis, can result from substantial
plaque deposit, and may cause a severe reduction in blood
ﬂow. The plaque may also break off into particles, or emboli,
Figure 1 Geometry of an axially nonsymmetrical stenosis in the
artery.
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the danger of embolism is that the ruptured particles are car-
ried into the brain, provoking neurological symptoms or a
stroke [1]. There are considerable evidences that vascular ﬂuid
dynamics play important role in the development and progres-
sion of arterial stenosis, one of the most wide spread diseases
in human beings leading to the malfunction of the cardiovas-
cular system. It has been established that once a mild stenosis
is developed, the resulting ﬂow disorder further inﬂuences the
development of the disease and arterial deformity, and changes
the regional blood rheology [2–4].
The non-Newtonian ﬂuid is only remarkably important at
low shear rates and also in small arteries and capillaries with
strain rates lower than 100 s-1. In large arteries the blood
behaves as a Newtonian ﬂuid. It has been dominant in the
extensive study made by Mandal [5]. The cause and develop-
ment of many cardiovascular diseases are related to the nature
of blood movement and the mechanical behavior of the blood
vessel walls [6]. A power-law model of blood ﬂow through a
tapered overlapping stenosed artery has been investigated by
Ismail et al. [7]. Numerical investigation has been made to study
the pulsating ﬂow through a tapered artery with stenosis by Liu
et al. [8]. Jung et al. [9] discussed the hemodynamics behavior of
the blood ﬂow is inﬂuenced by the presence of the arterial steno-
sis. Mekheimer and Kot. [10] presented the micropolar ﬂuid
model for blood ﬂow through a tapered artery with a stenosis.
Akbar. [11] discussed heat and mass transfer effects on Carreau
ﬂuid model for blood ﬂow through a tapered artery with a ste-
nosis. According to her for the case of converging tapering
velocity gives superior morals as associated with the case of
diverging tapering and non-tapered arteries. In another article
Akbar. [12] present Eyring Prandtl ﬂuid ﬂow with convective
boundary conditions in small intestines. Mekheimer and Kot.
[13–17], presented Non-Newtonian model for blood simulating
magnetohydrodynamic ﬂow through a horizontally non-sym-
metric but vertically symmetric artery with a mild stenosis
and Hall currents. According to them the wall shear stress
and the shearing stress on the wall at the maximum height of
the stenosis possess an inverse characteristic to the resistance
to ﬂowwith respect to any given value of the Hartmann number
and the Hall parameter. Ellahi et al. [18] give theoretical study
of unsteady blood ﬂow of Jeffery ﬂuid through stenosed arteries
with permeable walls. In another article Ellahi et al. [19,20]
investigated the unsteady and incompressible ﬂow of non-New-
tonian ﬂuid through composite stenosis. They observed that the
stenosis itself and the tapering effect change the ﬂow pattern.
Further analysis could be seen through Refs. [21–25].
In view of the above analysis, the purpose of the present
investigation was to study the Carreau ﬂuid model for blood
ﬂow through a tappered artery with mild stenosis. Analytical
solutions of the governing equations along with the boundary
conditions of stenosed symmetric artery have been calculated.
The expressions for velocity, resistance impedance, wall shear
stress and shearing stress at the stenosis throat have been exam-
ined. The graphical behavior of different type of tapered arter-
ies have been examined for different parameters of interest.
2. Formulation of the problem
Let us consider an incompressible ﬂow of Carreau ﬂuid having
constant viscosity g and density q in a tube having length L.We are considering cylindrical coordinate system r; h; zð Þ such
that u and w are the velocity components in r and z directions
respectively. Further we assume that r ¼ 0 is taken as the axis
of the symmetry of the tube. The geometry of the stenosis
which is assumed to be symmetric can be described as [10].
h zð Þ ¼ d zð Þ 1 g1 b
n1 z að Þ  z að Þn  ; a6 z 6 aþ b;
¼ d zð Þ; otherwise
(
ð1Þ
with
d zð Þ ¼ d0 þ nz; ð2Þ
where d zð Þ is the radius of the tapered arterial segment in the
stenotic region, d0 is the radius of the non-tapered artery in
the non-stenotic region, n is the tapering parameter, b is the
length of stenosis, nP 2ð Þ is a parameter determining the
shape of the constriction proﬁle and referred to as the shape
parameter the symmetric stenosis occurs for n ¼ 2 and a indi-
cates its location as shown in Fig. 1. The parameter g1 is
deﬁned as
g1 ¼
dn
n
n1
d0b
n n 1ð Þ ; ð3Þ
in which d denotes the maximum height of the stenosis
located at
z ¼ aþ b
n
n
n1
: ð3aÞ
The equations governing the steady incompressible Carreau
ﬂuid are deﬁned as
@u
@r
þ u
r
þ @ w
@z
¼ 0; ð4Þ
q u
@
@r
þ w @
@z
 
u ¼  @p
@r
þ 1
r
@
@r
rSrr
 þ @
@z
Srz
  Shh
r
; ð5Þ
q u
@
@r
þ w @
@z
 
w ¼  @p
@z
þ 1
r
@
@r
rSrz
 þ @
@z
Szz
 
; ð6Þ
The constitutive equation for Carreau ﬂuid is deﬁned as [11]
g g1ð Þ
g0  g1ð Þ
¼ 1þ C _c 2h i m1ð Þ2 ; ð6aÞ
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m 1ð Þ
2
C_c
 2 	
_cij; ð6bÞ
in which Sij is the extra stress tensor, g1 is the inﬁnite shear
rate viscosity, g0 is the zero shear rate viscosity, C is the time
constant, m is the power law index and _c is deﬁned as
_c ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1
2
X
i
X
j
_cij _cji
r
¼
ﬃﬃﬃﬃﬃﬃﬃ
1
2
P
r
: ð7Þ
Here P is the second invariant strain tensor.
We introduce the non-dimensional variables
r¼ r
d0
; z¼ z
b
; w¼ w
u0
; u¼ bu
u0d
; p¼ d
2
0p
u0bg0
; h¼
h
d0
;
Re¼ qbu0
g0
; eSrr¼ bSrr
u0g0
; eSrz¼ d0Srz
u0g0
; eSzz¼ bSzz
u0g0
; eShh¼ bShh
u0g0
;
We¼Cu0
d0
:
ð8Þ
where u0 is the average velocity.
Making use of Eqs. (8) and (7) in Eqs. (4)–(6), the appropri-
ate equations describe the steady ﬂow of an incompressible
Carreau ﬂuid in the case of mild stenosis d

d0
 1
 
subject to
the additional conditions [10]
ið Þ Red
n
1
n1ð Þ
b
 1; ð9Þiið Þ d0n
1
n1ð Þ
b
 O 1ð Þ; ð10Þ
can be written as
@u
@r
þ u
r
þ @w
@z
¼ 0; ð11Þ@p
@r
¼ 0; ð12Þ@p
@z
¼ 1
r
@
@r
r
@w
@r
 
þWe2 m 1ð Þ
2
@w
@r
 3 !" #
: ð13Þ
The corresponding boundary conditions are
@w
@r
¼ 0 at r ¼ 0; ð14Þ
w ¼ 0 at r ¼ h zð Þ; ð15Þ
where
h zð Þ ¼ 1þ nzð Þ 1 g2 z rð Þ  z rð Þnð Þ½ ;
r 6 z 6 rþ 1; ð16aÞ
and
g2 ¼
dn
n
n1
n 1ð Þ ; d ¼
d
d0
; r ¼ a
b
; n0 ¼ nb
d0
ð16bÞ
in which n ¼ tan/ where / is called tappered angle and for
converging tapering / < 0ð Þ, non-tapered artery / ¼ 0ð Þ and
the diverging tapering / > 0ð Þ.2.1. Perturbation solution
To get the perturbation solution we expand w velocityð Þ,
p pressureð Þ and Q flow rateð Þ by taking We2 as a perturbation
parameter as follows
w ¼ w0 þWe2w1 þO We2
 2
; ð17aÞ
p ¼ p0 þWe2p1 þO We2
 2
; ð17bÞ
Q ¼ Q0 þWe2Q1 þO We2
 2
: ð17cÞ
Put Eqs. (17a)–(17c) in Eqs. (12)–(15) we have following sys-
tem of equations.
2.2. Zeroth order system
@P0
@r
¼ 0; ð18aÞ
@P0
@z
¼ 1
r
@
@r
r
@w0
@r
  	
; ð18bÞ
with the boundary conditions
@w0
@r
¼ 0; at r ¼ 0; ð18cÞ
w0 ¼ 0; at r ¼ hðzÞ: ð18dÞ2.3. First order system@P1
@r
¼ 0; ð19aÞ
@P1
@z
¼ 1
r
@
@r
r
@w1
@r
 
þ m 1ð Þ
2
@w0
@r
 3" #
; ð19bÞ
with the boundary conditions
@w1
@r
¼ 0; at r ¼ 0; ð19cÞ
w1 ¼ 0; at r ¼ hðzÞ: ð19dÞ2.4. Solution of zeroth order system
Solving Eqs. (18a)–(18d), the zeroth order solution can be writ-
ten as
w0 ¼ dp
dz
r2  h2
4
 
: ð20aÞ
The volume ﬂow rate F0 in the moving coordinates system is
given by
F0 ¼
Z h
0
rw0dr: ð20bÞ
Substituting Eq. (20a) into Eq. (20b) and solving the result for
dp0
dz
, yields
dp0
dz
¼  16Q0
h4
: ð20cÞ
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Solving Eqs. (19a)–(19d), the First order solution can be writ-
ten as
w1 ¼ dp1
dz
r2  h2
4
 
þ 64Q
3 m 1ð Þ r4  h4 
h12
 !
; ð21aÞ
The volume ﬂow rate F1 in the moving coordinates system is
deﬁned as
F1 ¼
Z h
0
rw1dr: ð21bÞ
Substituting Eq. (21a) into Eq. (21b) and solving the result for
dP1
dz
, yields
dp
dz
¼  16Q1
h4
 m 1ð Þ1024Q
3
0
3h10
 
: ð21cÞ
Put the zeroth order and ﬁrst order results in Eqs. (17a)–(17c)
the ﬁnal expression for velocity ﬁeld and pressure gradient for
small We2 can be written as follows
w r; zð Þ ¼ dp
dz
r2  h2
4
 
þWe2 64Q
3 m 1ð Þ r4  h4 
h12
 !
; ð22Þ
dp
dz
¼  16Q
h4
We2 m 1ð Þ1024Q
3
3h10
 
: ð23Þ
The corresponding stream function can be found using the fol-
lowing formula
w ¼ 1
r
@W
@r
: ð24Þ
The pressure drop ðDp ¼ p at z ¼ 0 and Dp ¼ p at z ¼ LÞ
across the stenosis between the section z ¼ 0 and z ¼ L is
obtained from (22) as done by [10]
Dp ¼
Z L
0
 dp
dz
 
dz: ð25Þ2.6. Resistance impedance
The expression for resistance impedance is obtained from Eq.
(24) and is deﬁned as follows
~k ¼ Dp
Q
¼ 4
Z a
0
F zð Þjh¼1dzþ
Z aþb
a
F zð Þdzþ
Z L
aþb
F zð Þjh¼1dz
 
; ð26Þ
where
F zð Þ ¼ 4
h4
þWe2 256 m 1ð ÞQ
2
3h10
 
: ð26aÞ
The simplify form of Eq. (26) takes the following form
~k ¼ L bð Þ 4þWe2 256 m 1ð ÞQ
2
3
  
þ
Z aþb
a
F zð Þdz
 
:
ð27Þ2.7. Expression for the wall shear stress
The non-zero dimensionless shear stress is shown as
eSrz ¼ @w
@r
 
þWe2 m 1ð Þ
2
@w
@r
 3" #
: ð28Þ
From Eq. (28) we can ﬁnd the expression for wall shear stress
by
eSrz ¼ @w
@r
 
þWe2 m 1ð Þ
2
@w
@r
 3" #
r¼h
: ð29Þ
SoeSrz ¼ 4QR zð Þ þ 32We2 m 1ð ÞQ3 R zð Þð Þ3; ð30Þ
where
R zð Þ ¼ F zð Þh
2
 64We
2 m 1ð ÞQ2
h3
: ð31Þ
We can note that the shear stress at the stenosis throat i.e the
wall shear at the maximum height of the stenosis located at
z ¼ a
b
þ 1
n
n
n1
i:e ~ss ¼ eSrz
h¼1d
; ð32Þ
~ss ¼ 4QJþ 32We2 m 1ð ÞQ3 Jð Þ3; ð33Þ
where
J ¼ K 1 dð Þ
2
 64We
2 m 1ð ÞQ2
1 dð Þ3 ; ð34Þ
K ¼ 4
1 dð Þ4 þWe
2 256 m 1ð ÞQ2
3 1 dð Þ10
 !
: ð35Þ
We can ﬁnd the ﬁnal expression for the dimensionless resis-
tance to k, wall shear stress Srz and the shearing stress at the
throat ss are deﬁned as
k¼ 1
3
1 b
L
 
4þWe2 256 m1ð ÞQ
2
3
  
þ 1
L
Z aþb
a
F zð Þdz
 
;
ð36Þ
Srz ¼ R zð Þ þ 8We2 m 1ð ÞQ2 R zð Þð Þ3; ð37Þ
ss ¼ Jþ 8We2 m 1ð ÞQ2 Jð Þ3; ð38Þ
in which
k ¼
~k
k0
; Srz ¼
eSrz
s0
; ss ¼ ~sss0 ; k0 ¼ 3L; s0 ¼ 4Q; ð39Þ
k0 and s0 are the resistance to ﬂow and the wall shear stress for
a ﬂow in a normal artery (no stenosis).
2.8. Homotopy analysis method
In this section, we have found the HAM solution of Eqs. (12)–
(15). For that we choose
w0 ¼ r
2  h2
4
 
@p
@z
ð40Þ
as the initial guess. Further, the auxiliary linear operator for
the problem is taken as
igure 2 h-curve for velocity proﬁle for We ¼ 0:5;r ¼ 0:0;
¼ 0:005;m ¼ 3; z ¼ 0:5;/ ¼ 0:05; n ¼ 3; dp
dz
¼ 0:5.
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r
@
@r
r
@
@r
 
; ð41Þ
which satisfy
Lwrðw0Þ ¼ 0: ð42Þ
We can deﬁne the following zeroth-order deformation
problems
ð1 qÞLwr½w r; qð Þ  w0ðrÞ ¼ qhwNwr½w r; qð Þ; ð43Þ
@ w r; qð Þ
@r
¼ 0; at r ¼ 0; ð44aÞ
w r; qð Þ ¼ 0; at r ¼ hðzÞ; ð44bÞ
In Eq. (43) and (44), hw denote the non-zero auxiliary param-
eter, q½0; 1 is the embedding parameter and
Nwr½wðr; qÞ ¼ 1
r
@w
@r
þ @
2w
@r2
þWe
2
r
m 1ð Þ
2
@w
@r
 3
 dp
dz
þ 3We
2 m 1ð Þ
2
@w
@r
 2
@2w
@r2
: ð45Þ
Expanding w^ r; qð Þ in Taylor’s with respect to an embedding
parameter q, we have
w^ r; qð Þ ¼ w0 rð Þ þ
X1
n¼1
wmðrÞqm; ð46Þ
wm ¼ 1
m!
@m w r; qð Þ
@qm

q¼0
: ð47Þ
Differentiating the zeroth order deformation m-times with
respect to q and then dividing by m! and ﬁnally setting
q ¼ 0, we get the following mth order deformation problem
Lw½wmðrÞ  vmwm1ðrÞ ¼ hwRwrðrÞ; ð48Þ
where
Rwr ¼ w00m1 þ
1
r
w0m1 þ
We2
r
 m 1ð Þ
2
Xm1
k¼0
w0m1k
Xk
l¼0
w0klw
0
l 
dp
dz
1 vmð Þ
þ 3We
2 m 1ð Þ
2
Xm1
k¼0
w0m1k
Xk
l¼0
w0klw
00
l : ð49Þ
vm ¼
0; m 6 1;
1; m > 1:

ð50Þ
The solution of the above equation with the help of Math-
ematica can be calculated and presented as follows
wmðrÞ ¼ lim
M!1
XM
m¼0
a0m;0 þ
X2Mþ1
n¼1
X2M
m¼n1
X2mþ1n
k¼1
akm;nr
2nþ2
 !" #
: ð51Þ
where a0m;0 and a
k
m;n are constants.
3. Graphical results and discussion
To observe the quantitative effects of the power law index m,
Weissenberg number We the stenosis shape n and maximum
height of the stenosis for converging tapering, diverging taper-
ing and non-tapered arteries for Carreau ﬂuid Figs. 2–21 are
made. Fig. 2 shows the convergence region for velocity proﬁle.F
dFig. 3 is prepared to show the comparison of velocity proﬁle for
perturbation and HAM solution. The graph shows a very good
agreement between both the results. The variation in axial
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Figure 15 Variation of resistance for Q ¼ 0:3; b ¼ 1;We ¼ 0:2;
r ¼ 0:0;L ¼ 1; n ¼ 3; z ¼ 0:1.
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Figure 16 Variation of shear stress at the stenosis throat for
Q ¼ 2;We ¼ 0:5.
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Figure 17 Variation of shear stress at the stenosis throat for
Q ¼ 2;m ¼ 2.
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Figure 18 Stream lines for different values of n að Þ n ¼ 9
r ¼ 0:2; d ¼ 8:5;m ¼ 100.
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Figure 19 Stream lines for different values of We cð Þ We ¼ 0:4
r ¼ 0:2; d ¼ 8:5;m ¼ 100.
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Figure 20 Stream lines for different values of m cð Þ m ¼ 100
r ¼ 0:2; d ¼ 8:5;We ¼ 0:58.
1314 N.S. Akbar, S. Nadeemvelocity form;We; d and n for the case of a converging tapering,
diverging tapering and non-tapered arteries is displayed in
Figs. 4–7. In Fig. 4 we observed that with an increase in We
Weissenberg number which is the ratio of the relaxation time
of the ﬂuid and a speciﬁc process time so by increasing
Weissenberg number there will be increase in relaxation time
and when we relax time ﬂow can move easily and velocity ﬁeld
increases. Fig. 5 gives when ﬂuid behavior index m increases
blood ﬂow moves fastly in arteries gives increase in velocity
ﬁeld, Fig. 6 shows when we gives rise in shape of stenosis n
velocity proﬁle increases while decreases with an increase in
mild stenosis d because when mild stenosis shape will increase
arteries will be more tapered blood ﬂow slowly moves in arter-
ies. It is also seen that for the case of converging tapering veloc-
ity gives larger values as compared to the case of diverging
tapering and non-tapered arteries. Figs. 8–10 show how the
converging tapering, diverging tapering and non-tapered arter-
ies inﬂuence on the wall shear stress Srz. It is observed that with
an increase in m ﬂuid behavior index m increases blood ﬂow0 0.5 1 1.5
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bð Þ n ¼ 10 other parameters are / ¼ p;Q ¼ 0:01;We ¼ 0:2;
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dð Þ We ¼ 0:5 other parameters are / ¼ p;Q ¼ 0:01; n ¼ 10;
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dð Þ m ¼ 110 other parameters are / ¼ p;Q ¼ 0:01; n ¼ 10;
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Figure 21 Stream lines for different values of d gð Þ d ¼ 2:5 hð Þ d ¼ 3 other parameters are / ¼ p;Q ¼ 0:01; n ¼ 10;r ¼ 0:2;
m ¼ 110;We ¼ 0:58.
Table 1 Comparision of present results with the existing literature.
r Present results We ¼ 0 Mekheimer and Kot [10] m ¼ 0;N ¼ 0
C.T D.T N.T C.T D.T N.T
1:0 0:0000 0:0000 0:0000 0:0000 0:0000 0:0000
0:8 0:5072 0:3741 0:4632 0:5071 0:3740 0:4632
0:6 0:7653 0:5354 0:6260 0:7652 0:5353 0:6260
0:4 0:9747 0:6596 0:7424 0:9746 0:6595 0:7424
0:2 1:1104 0:7379 0:8122 1:1103 0:7378 0:8122
0:0 1:1573 0:7646 0:8355 1:1572 0:7645 0:8355
0:2 1:1104 0:7379 0:8122 1:1101 0:7378 0:8122
0:4 0:9747 0:6596 0:7424 0:9746 0:6595 0:7424
0:6 0:7653 0:5354 0:6260 0:7652 0:5353 0:6260
0:8 0:5072 0:3741 0:4632 0:5071 0:3740 0:4632
1:0 0:0000 0:0000 0:0000 0:0000 0:0000 0:0000
Carreau ﬂuid model for blood ﬂow through a tapered artery with a stenosis 1315moves fastly in arteries wall shear stress Srz increases, it is also
noticed that when We, Weissenberg number which is the ratio
of the relaxation time of the ﬂuid and a speciﬁc process time
so by increasing Weissenberg number there will be increase in
relaxation time and when we relax time ﬂow can move easily
and wall shear stress Srz increases, also the similar behavior is
noticed when mild stenosis d and shape of stenosis n increases
gives shear stress increases, the stress yield diverging tapering
with tapered angle / > 0, converging tapering with tapered
angle / < 0 and non-tapered artery with tapered angle / ¼ 0.
In Figs. 12–15 we notice that the impedance resistance increases
for converging tapering, diverging tapering and non-tapered
arteries when we increase n;L andmwhile impedance resistance
decreases when we increaseWe. Impedance resistance attains its
maximum values in the symmetric stenosis case ðn ¼ 2Þ. Finally
Figs. 16 and 17 are prepared to see the variation of the shearing
stress at the stenosis throat ss with d. It is analyzed through ﬁg-
ures that shear stress at the stenosis throat increases with an
increase in m and decreases with an increase in We. It can also
be depict that shear stress at the throat ss possess an inverse var-
iation to the ﬂow resistance with respect to ﬂuid behavior index
m and Weissenberg number We i.e increase in relaxation time.
Trapping phenomena have been discussed through Figs. 18–
21. Fig. 19 shows the stream lines for different values of the ste-
nosis shape n. It is observed that with an increase in stenosis
shape n size and number of the trapping bolus increases. Stream
lines for different values of the Weissenberg number We are
prepared in Fig. 19. It is analyzed thatWeWeissenberg number
which is the ratio of the relaxation time of the ﬂuid and a speciﬁc
process time so by increasing Weissenberg number there will be
increase in relaxation time and when we relax time blood ﬂowcan move easily in arteries the size of the trapping bolus
increases when we increase the Weissenberg number We.
Figs. 20 and 21 are plotted to see the stream lines for different
values of height of the stenosis d and power law index m. It is
seen that the size of the trapping bolus increases while number
of trapping bolus decreases with an increases of the height of the
stenosis d and the size of the trapping bolus decreases and num-
ber of trapping bolus increases with an increase in the power law
index m (see Table 1).4. Conclusions
Blood ﬂow analysis of Carreau ﬂuid model in tapered stenosed
arteries is discussed. Analytical solution have been evaluated
using regular perturbation technique and Homotopy analysis
method. The main points of the performed analysis are as
follows.
1. We observed that with an increase inWeWeissenberg num-
ber which is the ratio of the relaxation time of the ﬂuid and
a speciﬁc process time so by increasing Weissenberg num-
ber there will be increase in relaxation time and when we
relax time ﬂow can move easily and velocity ﬁeld increases
2. It is also seen that for the case of converging tapering the
velocity gives larger values as compared to the case of
diverging tapering and non-tapered arteries.
3. Interestingly we notice that the impedance resistance
increases for converging tapering, diverging tapering and
non-tapered arteries when we increase n; L and m while
impedance resistance decreases when we increase We.
1316 N.S. Akbar, S. Nadeem4. It is also seen that the stress yield diverging tapering with
tapered angle / > 0, converging tapering with tapered
angle / < 0 and non-tapered artery with tapered angle
/ ¼ 0.
5. It has been noticed that the impedance resistance increases
for converging, diverging and non-tapered arteries when we
increase a; b and n.
6. It is analyzed through ﬁgures that shear stress at the steno-
sis throat increases with an increase in m and decreases with
an increase in We.
7. Impedance resistance attains its maximum values in the
symmetric stenosis case ðn ¼ 2Þ.
8. It is seen that the size of the trapping bolus increases while
number of trapping bolus decreases with an increases of the
height of the stenosis d and the size of the trapping bolus
decreases and number of trapping bolus increases with an
increase in the power law index m.
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